ABSTRACT -The first phytopathogenic bacterium with its DNA entirely sequenced is being detected and isolated from different host plants in several geographic regions. Although it causes diseases in cultures of economic importance, such as citrus, coffee, and grapevine little is known about the genetic relationships among different strains. Actually, all strains are grouped as a single species, Xylella fastidiosa, despite colonizing different hosts, developing symptoms, and different physiological and microbiological observed conditions. The existence of genetic diversity among X. fastidiosa strains was detected by different methodological techniques, since cultural to molecular methods. However, little is know about the phylogenetic relationships developed by Brazilian strains obtained from coffee and citrus plants. In order to evaluate it, fAFLP markers were used to verify genetic diversity and phylogenetic relationships developed by Brazilian and strange strains. fAFLP is an efficient technique, with high reproducibility that is currently used for bacterial typing and classification. The obtained results showed that Brazilian strains present genetic diversity and that the strains from this study were grouped distinctly according host and geographical origin like citrus-coffee, temecula-grapevine-mulberry and plum-elm. Index terms: fAFLP, Xylella fastidiosa, genetic diversity, DNA fingerprinting.
INTRODUCTION
Xylella fastidiosa is a fastidious gram-negative and xylem-limited bacterium (Wells et al. 1987 ) that causes a range of economically important plant diseases, including citrus variegated chlorosis (CVC -Rossetti et al. 1990 ), Pierce's disease (PD) of grapevine, alfalfa dwarf, leaf scorch of almond, coffee, elm, sycamore, oak, plum, mulberry, maple, and oleander, and periwinkle wilt (Purcel & Hopkins, 1996) .
CVC is a major problem in Brazil, where over 70 million sweet orange trees (34%) are affected. The disease also occurs in Argentina, under the name "pecosita" (Contreras, 1992; Garnier et al.1993) . CVC affects all commercial sweet orange varieties and the affected fruits are small and hardened and so, do not have commercial value. The fast dissemination of CVC comes mainly by the use of infected nursery trees and by the transmission of X. fastidiosa by several xylem-feeding sharpshooter insect vectors.
The detection and characterization of X. fastidiosa strains have been done through classic procedures based on cultivation (Hopkins, 1989) as well as using molecular procedures, such as protein profiling and homology of DNA (Chang and Schaad, 1992) , RFLP (Restriction Fragment Length Polymorphism -Chen et al. 1992) , PCR (Polymerase Chain Reaction - Minsavage et al. 1994) , sequencing of the ITS DNA sequence (Ciapina, 2001 ), 16S rDNA (Chen et al. 2000) and SNP (Single Nucleotide Polymorphism -Wickert, 2007) . But despite their physiologic, microbiologic, pathogenic and molecular differences, all strains are characterized as single species.
Recently, three Xylella subspecies were proposed based in cultural assays, DNA-DNA relatedness and 16S DNA sequence (Schaad et al., 2005) . These authors proposed X. fastidiosa subsp piercei, X. fastidiosa subsp multiplex and X. fastidiosa subsp pauca as new subspecies.
Amplified restriction fragment length polymorphism (AFLP) is a technique developed for the fingerprinting of plant, bacterial, fungal, and nematode genomes (Vos et al. 1995; Rademaker et al. 2000) . The advantages of this technique in characterizing microbial populations is the extensive coverage of the genome under study and that the complexity of the AFLP fingerprinting can be advantageously managed by adding selective bases to the primers during PCR amplifications (Vos et al. 1995) . For the bacterial genome, the AFLP method has been evaluated in microbial taxonomy (Vaneechoutte, 1996) , in diversity studies of human pathogenic bacteria (Purcell & Hopkins 1996) , and in characterizing plant pathogenic bacteria at the pathovar level (Bragard et al. 1997 , Janssen et al., 1996 .
AFLP analysis is a technique based on selective amplification of DNA restriction fragments. It is technically similar to RFLP analysis, except that only a subset of the fragments are displayed and the number of fragments generated can be controlled by primer extensions. AFLP advantage over other techniques is that multiple bands are derived from over all the genome. This prevents overinterpretation or misinterpretation due to point mutations or single-locus recombination, which may affect other genotypic characteristics. The main disadvantage of AFLP markers is that alleles are not easily recognized (Majer et al. 1996) .
In its fluorescent form (fluorescent amplified-fragment length polymorphism -fAFLP), one of the PCR primers is fluorophore-labeled making the amplified fragments visible to an automated DNA sequencer. Once the complete genome sequence for Escherichia coli was published (Cole et al. 1998) , it was possible to predict the sizes of DNA fragments generated by fAFLP of that species and demonstrate the high experimental fidelity of the technique (Cousins et al. 1998 ). Genome sequencebased fAFLP analysis of E. coli showed accurate fragment sizing (61 bp), reproducibility, high discriminatory power, and added phylogenetic value (Cousins et al. 1998 ). In addition, the results generated by fAFLP can be stored in databases like AmpliBASE MT (Majeed et al. 2004 ) which serve as resources for future studies of comparisons, as proposed by Aarts et al. 1999 .
Publication of the complete genome sequence of X. fastidiosa (Simpson et al. 2000) permits us to design genomebased fAFLP conditions to evaluate genetic diversity for this pathogen and to determine genetic relationships between the studied strains. In this study, we applied fAFLP analysis to 22 X. fastidiosa strains from citrus (Citrus sinensis), coffee (Coffea arabica), grape (Vitis vinifera), plum (Prunus salicina Lindl), mulberry (Morus alba Lindl) and elm (Ulmus procera) in order to evaluate their genetic diversity and phylogenetic relationships.
MATERIAL AND METHODS
Bacterial strains and DNA isolation. Twenty-two strains from different hosts were evaluated in the present study, their geographical origin and host species are indicated in Table 1 . X. fastidiosa cells were grown in PW medium (Davis et al. 1981) for 7 days at 28°C in the dark with low-speed, rotatory agitation (200 rpm). The genomic DNA extraction from the X. fastidiosa strains followed the method proposed by Ausubel et al. (1987) with some modifications, which included the addition of 100 uL of RNAse solution (200 mg/mL) following an incubation at 37 ºC for 1 h. DNA concentration and quality were determined by comparison with known standards in 0.8% agarose gels in TBE buffer (89 mM Tris-base, 89 mM Boric acid, 2 mM EDTA, pH 8,3) containing 0.5 mg/mL ethidium bromide (Sambrook et al. 1989 ) and photographed using Gel-Doc 1000 digital photodocumentation equipment (BioRad).
fAFLP markers. The fAFLP markers were developed using fAFLP Microbial Mapping kit (Applied BioSystems part number 402948) according manufacturer instructions. fAFLP-PCR products were added with formamide-loading dye (1.5 ml final volume) and loaded onto an ABI Prism 377 DNA Sequencer (Applied Biosystems) along with an internal lane standard, GS-500 Rox. Fragment separation was carried out for 2 h and 30 min at 51°C, 2.5 kV, and 60 mA using a Long Ranger 5% gel (Biowhittaker Molecular Applications -BMA) and one time TBE running buffer (89 mM Tris, 89 mM borate, 2.5 mM EDTA, pH 8.3). Fragments were detected and compiled by the ABI Prism Data CollectionTM (Applied Biosystems) software. Gel image files were generated and all the lanes were extracted for making individual electropherograms.
Phylogenetic relationships. Fragment analysis was performed with the Genescan Analysis 3.1 package (Applied Biosystems) with average parameters of smoothing and a baseline of 100 urf. The Genescan TM data, ranging from the size-marker 100 bp band to the 500 bp band, of individual strains were exported to Genotyper 2.5 (Applied Biosystems) for digitization and genotyping. Patterns were normalized by reference to the molecular mass of the internal ROX-labelled size standard that was included in each sample. Fragments were analyzed from primer combinations and were scored as either present (1) or absent (0) for constructing a binary matrix that was converted in similarity matrix using software PAUP (Phylogenetic Analysis Using Parcimony, version 4.1) (Swofford, 1998) . Similarity matrix was exported and used to evaluate phylogenetic relationships by distance method and Neighbor Joining algorithm with MEGA software version 4 (Kumar et al, 2004) .
Genetic distances. Values of genetic distance were calculated between groups of bacteria from different hosts and between groups of bacteria obtained from the same host (Table 1) using similarity matrix. Estimates of genetic distances were used to evaluate genetic divergence within and between groups of bacteria. The genetic distance within groups was estimated by the arithmetic mean of all individual pairwise distances between taxas within a group and genetic distance between groups was estimated by the arithmetic mean of all pairwise distances between two groups in the inter-group comparisons. These values were calculated using the neighbor-joining algorithm by the MEGA software.
PCA (Principal component Analysis).
Additionally, principal component analysis (PCA), was carried out in the binary data of fAFLP to get the relation enter the strains in a tridimensional space, using 3.1 Multi Variate Statistical Package -MVSP software Vers 1.3.
EVALUATION OF Xylella fastidiosa GENETIC DIVERSITY BY fAFLP MARKERS

RESULTS
Development of fAFLP markers. fAFLP markers were used in the characterization of the molecular diversity among 22 strains of X. fastidiosa (Table 1 ). In the first step, five strains, 9a5c, U12, 11779, Jab20, and B16, were analyzed with nine selective combinations of primers (EcoRI-AA, EcoRI-AG, MseI-0, MseI-A, MseI-C, MseI-G, MseI-T, MseI-CA) in order to select the Eco/Mse combinations more efficient on showing the genetic diversity. The distribution of banding patterns of the strains ranged from 100 to 500 bp in size. Analysis of the results obtained by the selective primers showed that primers containing selective bases G or C were more effective than those containing A or T, because they presented a great diversity of polymorphic bands. In this way, the follow three best combinations of primers were selected to verify the degree of molecular diversity of X. fastidiosa: EcoRI-AG/MseI-CA, EcoRI-AT/MseI-A, and EcoRI-A/MseI-G.
Phylogenetic relationships. Seventy DNA fragments which were reproducibly detected, ranging from 50 to 500 bp, were selected for the analysis of 22 X. fastidiosa strains. Among these, 35 different DNA fingerprints were identifed. A binary matrix (22 x 68) was generated of DNA fragments to evaluate the diversity of X. fastidiosa strains and the degree of DNA similarity. In the tree that shows the phylogenetic relationships ( Figure 1 ) the 22 strains of X. fastidiosa are distributed in three different groups. In group A, strains originated from grape (9713, 9715 and 8935), mulberry (6745) and temecula grouped with a similarity around 88%. Strains from plum (9746 and 6747) and elm (6748) formed the Group B showing similarity of 96%. And the strains from citrus (9a5c, 11779, 38868, Jab20, Jab26, 11348, U12, B16, 12288 and 11037) and coffee (C6, Jab1, Jab2 and Jab14) formed the Group C with a similarity of 86%. Among the Group C, coffee strains grouped preferentially, with a similarity of 92%.
Genetic distances. Genetic distance indexes were estimated for the Group of different-host strains (Table 3) , as well as distance indexes for the same-host strains were estimated (Table 4) . Genetic distance indexes were calculated to evaluate genetic divergence within and between Groups. So, low values of genetic distance indicate that the organisms or groups are genetically closed, and higher distance values that have great genetic divergence. The greatest genetic distance among strains from the same host was observed for grape (0.31373), followed by coffee (0.25980), and then by citrus (0.24510) and plum (0.07353). This index was not calculated for the other hosts because they are represented by only one strain. Among the Brazilian strains, the greatest genetic distance found between coffee plant strains shows the likely higher genetic diversity of this group, compared to citrus. Regarding genetic distances between groups of strains from different hosts, the lowest value was found for plum and elm (0.00129) followed by Brazilian citrus and coffee strains (0.28088), while the greatest distance was observed between coffee and temecula strains (0.44118). This means that Brazilian strains are genetically close.
Principal coordinate analysis (PCA). PCA is one of the multivariate approaches of grouping based on similarity coefficients or variance-covariance values of the component traits of the entities. It is expected to be more informative about differentiation among major groups, while the cluster-analysis provides higher resolution among closely related populations (Liu et al. 2001) . In our PCA analysis, more than 62% of the variation in the estimate of genetic similarity was explained by the first three components, indicating the suitability of the fAFLP approach for genetic clustering (Figure 2 ). The strains of Xylella grouped into three distinct groups according their host. Strains of X. fastidiosa that formed the Group 1 belongs to citrus-coffee (citrus strains 9a5c, 11779, 38868, Jab20, Jab26, 11348, U12, B16, 11037, 12288, and coffee strains Jab14, Jab2, Jab1 and C6), strains that form Group 2 belongs to plum-elm (plum strains 9746, 6747 and elm 6748)) and strains from group 3 belongs to grapetemecula-mulberry (grape strains 9713, 9715, 8935, mulberry 6745 and temecula). These groups are most distinctly separated and were placed on the plane defined by X and Y axes, respectively. Citrus and coffee strains formed a group more dispersed than the group formed by plum-elm and grape-temecula-mulberry. But three coffee strains (Jab1, Jab2 and Jab14) form a little aggregate group that can be distinguished from the other strains from the same citrus-coffee group.
DISCUSSION
The results of these analyses revealed that it was possible to differentiate strains of X. fastidiosa from differents hosts using fAFLP markers. The fAFLP analysis revealed great variability within X. fastidiosa since 68 fAFLP polimorphics fingerprints were observed for the 22 strains. This value represents around 50 percent of the total of obtained markers (148 markers). So, fAFLP had a good resolution level for differentiation of the strains in groups according hosts. Several DNA fragments were common to all X. fastidiosa strains. Other DNA fragments could distinguish the divisions defined by Cook et al. (1989) within X. fastidiosa strains or differentiate strains according to their geographical origin and are therefore useful for the development of diagnostic tools and epidemiological studies.
Results obtained by Chen et al. (2000) showed that the strains of X. fastidiosa could be divided into two groups, one group for strains of grape and mulbery and the second group for strains of citrus, oak, grape, plum, and mulberry, based on sequencing of the 16S rDNA gene. In this work, it was possible to observe that citrus and coffee strains formed a separate group from the strains from the other hosts. It was also verified that coffee and citrus strains are genetically closer that to the other strains. This can be likely to the fact that only strains from citrus and coffee are Bazilians, as one plum strain (9746) and the other strains are not.
Using SNP markers, Wickert (2007) studied the genetic diversity of X. fastidiosa strains from different hosts, such as citrus, coffee, mulbery, plum, and grape, verifying that citrus and coffee strains were genetically closer and phylogenetically related. This was also verified by the results obtained in this work, presenting distinct groups citrus-coffee, grape-mulberrytemecula, and plum-elm.
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The great similarity between coffee and citrus strains can be explained by the fact that these crops are in temporal and geographic proximity, coexisting in regions such as the State of São Paulo, Brazil, which favors the migration of the microorganism from one plant to another. Different works suggested that this microorganism may have migrated from coffee plants to citrus, as previously reported by Coletta-Filho and Machado (2002) .
Since citrus and coffee crops coexist temporally and geographically in Brazil, determination of the level of genetic subdivision of X. fastidiosa strains from both crops will guide important decisions regarding how to deal with this bacterium. This knowledge will be useful for the control of diseases such as CVC (Variegated Citrus Chlorosis) and CLS (Coffee Leaf Scorch), occurring alone or in association.
The use of fAFLP markers in studies of genetic diversity can provide a better measurement of genetic relationships between strains, and is some cases this fingerprinting technique allowing the taxonomic characterization below the species level (Janssen et al. 1996) . Arnold et al. (1999) characterized different strains of Escherichia coli and verified that fAFLP was suitable for epidemiological investigation and provided well-defined and reproducible identifiers of genotype of each strain.In Pseudomonas syringae pv. tomato and P. syringae pv. maculicola, (Clerc et al. 1998) observed that the analysis of data obtained by AFLP was more efficient in evaluating diversity intrapathovar than those obtained using the RAPD technique. In another study, for detecting the genetic variation among 47 ancestries of Xanthomonas axonopodis pv. manihotis, Restrepo et al. (1999) used the AFLP technique and it was verified that the obtained results were solid then those obtained by RFLP using plasmids as probes. However, some primer combinations could differentiate strains that were not discriminated by the analysis of RFLP.
Recently, Chen et al.(2005) based on a DNA-DNA relatedness assay and comparing the 16S DNA sequences of X. fastidiosa strains from different hosts, proposed classify Xylella strains as X. fastidiosa subsp. piercei (strains from grape, alfafa, maple and almond), X. fastidiosa subsp. multiplex (strains from peach, plum, almond, elm, pigeon grape, sycamore and other shade trees) and as X. fastidiosa subsp. pauca (only citrus strains). These authors did not used Temecula, mulberry and coffee strains in their analysis, as we do in this work. In this work, temecula and mulberry strain grouped with grape strains, suggesting belong to X. fastidiosa subsp. piercei. In the same way, as citrus and coffee strains could not be separated according to their host, it is likely that Brazilian strains from coffee also belong to X. fastidiosa subsp. pauca, as suggested by Schaad et al. (2005) .
The use of fAFLP analysis as a method for characterization and evaluation of genetic diversity has the advantage that it can allow species identification and of different organisms, and can also show the relationships and the genetic diversity among organisms from the same species. In this case, the technique can contribute to the definition of taxonomic classification of new and/or recently isolated X. fastidiosa strains in subspecies, as proposed by Schaad et al. (2005) , because it was verified that the groupment of the strains from this work agreed with those obtained by Schaad et al. (2005) , despite the fact that some strains from different hosts were used. So, fAFLP markers can be an efficient tool -likely not for determine new species or subspecies -for characterize a species and evaluate phylogenetic relationships, and in some cases, according the obtained results, evaluate the possibility of studies need for proposing new subspecies, like DNA-DNA relatedness and sequencing of conservated genes. FIGURE 1-Phylogenetic relationships among X. fastidiosa strains obtained from same and different hosts. It can be verified that strains are grouped in three groups: grape-mulberry-temecula (A), plum-elm (B) and citruscoffee (C).
FIGURE 2 -Groupment of X. fastidiosa strains from same and different hosts. The strains formed three groups: Group 1 (citrus-coffee: 9a5c, 11779, 38868, Jab20, Jab26, 11348, U12, B16, 11037 and 12288; coffee: C6, Jab14, Jab2, Jab1), Group 2 (elm: 6748, plum: 6747, 9746), Group 3 (grape: 9713, 9715, 8935, mulberry: 6745 and Temecula) . Cit: citrus, grap: grape and mulb:mulberry.
